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correction  is  due  to  the  analyte  contained  in  the  distilled  water  used  to  prepare  the  standards  and  not,  as  commonly 
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lames  H Cragin  and  Steven  1 Quarry 


INTRODUCTION 

Most  methods  ol  quantitative  chemical  analysis 
.no  relative  m that  thev  involve  the  measurement  of 
the  difference  between  sample  and  "blank"  (distilled 
water)  readings,  and  a subsequent  comparison  of  this 
ditleience  ssith  readings  front  standaids.  Accuiate 
chemical  tesults  depend  not  onlv  upon  the  analv  tual 
method  and  standards  used  but  also  upon  the  magni 
Hide  and  vanabilitv  ot  the  analyte  concentration  in 
the  blank.  In  addition  to  being  constant  and  repro- 
ducible. the  blank  should  have  a sufficiently  low  con- 
centration of  analyte  so  that  the  sample  may  be  do 
tmguished  from  it  I or  many  analyses  the  blank 
analyte  concentration  is  usually  low  enough  (^  I'V  of 
the  sample  concentration)  so  that  it  can  he  neglec  ted. 
However,  tor  trace  (|ig  I)  and  ultiatrace  (ng  I)  detei 
minations,  blank  cv<ncentiations  can  be  significant 
even  with  the  most  refined  water  and  reagent  politi- 
cal ion  systems. 

In  this  report,  blank  corrections  will  he  discussed 
with  regard  to  atomic  absorption  (AA)  speettopho- 
tometiy  since  it  is  one  ot  the  most  frequently  used 
techniques  ot  tiace  analysis  Mans  ot  the  aiguments 
given,  howeyet , apply  equally  well  to  other  methods 
of  analysis. 

EXPERIMENT  AL 

Cadmium  was  selected  tot  analysis  because  ot  the 
high  sensitivity  ot  tlameless  atomic  absorption  tor  this 
element.  All  laboratory  work  ■> as  performed  within 
Class  100  laminar  (low  clean  ait  stations,  blanks  ot 
doubly  -distilled  deioni/ed  water  (DOW)  and  acid 
blanks,  consisting  ot  llltrex  UNO,  (|.T.  Baker  Chemical 
Co.)  in  PDW,  were  prepared  and  stored  in  Nalgene 
2- o/  (hO-ml)  leflon  f I P bottles.  These  bottles,  and 
all  other  plastic  labware  that  came  in  contact  with 
blanks  or  standard  solutions,  were  cleaned  by  I)  tinsing 


with  distilled  water  (DW),  2)  ultrasonic  ally  cleaning  in 
electronic  grade  acetone,  T)  leaching  in  waim  (5S"C) 
concentrated  redistilled  HNOj  (ti.  I tedeiick  Smith 
Chemical  Co.)  tor  48  hours,  4)  rinsing  twice  with  DW, 

S)  leaching  in  I'V  (vol)  concenliated  l lilies  UNO,  in 
DDW  lor  S days,  and  finally  b)  rinsing  thoiciugftly  with 
DDW 

Cadmium  analyses  were  performed  using  a Per  km 
I Intel  Model  40T  atomic  absorplictn  spectiophotctmetei 
and  an  HUA-2000  Heated  luaphite  Atomizer  Una  ted 
within  a C lass  l(X)  work  station.  Sample  aliquots  c <1 
ItX'  u'  weie  dried  at  140°C  1 or  bO  s,  chaired  at  .470'  c 
tor  t S s,  and  atomized  at  14 1 Ot  tor  1 5 s.  No  loss  ot 
cadmium  occuried  dui  mg  the  dry  mg  or  chatting  opera 
lions.  Standards  were  prepared  trom  a stock  solution 
ot  cadmium  metal  in  dilute  nitric  acid. 

DISCUSSION 
Flame  A A 

The  most  common  enoi  icquiting correction  in  tiace 
(lame  AA  analysis  is  due  to  analy  te  impurity  in  the  dis 
tilled  oi  deionized  watei  (DW)  used  to  piepaie  tire 
standards  Ml  standards  will  he  high  by  the  amount  o! 
analy  te  in  the  DW,  since  DW  was  used  to  piepaie  them. 
Subsequent  calculation  ot  sample  concentrations  from 
the  high  standards  will  result  in  erroneously  lovy  values 
tor  the  samples.  In  addition  to  the  standards'  DW 
blank,  another  DW  blank  is  needed  to  physically  zeto 
the  AA  spectiophotometer  duiing  opetation.  Because 
ot  the  lelatively  large  volumes  required,  it  is  often  not 
convenient  to  use  the  standards'  blank  toi  this  purpose 
T bis  reference  DW  blank  is  also  analy  zed  before  and 
attei  each  standard  or  sample  to  compensate  tor  instru- 
ment dr  it  t at  high  scale  expansions.  Standards  and 
samples  are  then  compared  to  the  reference  DW  blank 
to  obtain  a tised  calibration  curve,  lhuv,  two  different 
DW  blanks  exist  a standaids'  DW  blank  and  a reteience 
DW  blank  I he  ettects  ot  blank  impurities  upon 
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Conctntrotion  p.g/L 

Figure  I.  Theoretical  calibration  curves  for 
standards  containing  various  analyte  impurity 
concentrations  in  the  blank  and  in  the  reference 
distilled  water.  The  slope  for  all  curves  is  the 
same  and  is  given  by:  slope  * absorbance 
(div)/concentration  (pg/l)  * 2.  The  y 
intercept,  however,  varies  with  the  impurity 
concentration  of  analyte  in  the  blank  (8)  and 
in  the  reference  (ft)  distilled  water  (curve  I: 

8 * 0,  R * 0;  curve  II:  B * 0.5  pg/l,  R * 

0:  curve  III:  8 - 1.5  pg/l,  R * 0;  and  curve 
IV:  8 * 0.5  pg/l,  R = 0.3  pg/l).  As  this 
figure  shows,  B raises  the  standards  calibration 
curve  while  R lowers  the  curve.  Sample  5 (see 
text)  contains  an  actual  (true)  concentration 
of  2.5  pg/l  in  all  cases.  The  x intercept  (8-R) 
shown  is  for  curve  IV. 


standards  and  samples  are  illustrated  graphically  in 
F igure  1 for  four  theoretical  situations.  In  this  figure, 

B is  the  concentration  of  analyte  impurity  in  the  DW 
used  to  prepare  the  standards  and  R is  the  concentra- 
tion of  analyte  impurity  in  the  reference  OW  used  to 
zero  the  spectrophotometer. 

Ideally,  B = R = 0 (curve  I)  and  the  standards' cali- 
bration curve  is  a straight  line  passing  through  zero, 
so  that  actual  sample  concentrations  can  be  found 


directly  from  the  calibration  curve.  I or  example,  a 
sample  S that  gives  an  absorbance  of  S O chart  divisions 
contains,  Irom  curve  I.  an  analvte  concentration  ot  2.5 

n)\  (c,). 

It  the  DW  used  to  prepare  the  standards  contains 
0.5  pg/l  of  analyte  (curve  II  B = 0.5  pg/l,  R - 0), 
the  actual  analv  te  concentration  of  each  ot  the  standards 
will  be  0.5  pg/l  higher  than  expected  and  the  correspond- 
ing absorbances  will  be  high  by  1 .0  chart  division.  When 
these  high  absorbances  tor  the  standards  are  plotted  vs 
the  nominal  or  expected  concentrations,  the  entire 
calibration  curve  is  shifted  upward  bv  1 .0  division.  In 
this  instance,  sample  S,  although  still  giving  an  absorbance 
of  5.0  chart  divisions,  will  have  an  apparent  concentration 
(Cj,  from  curve  II)  of  only  2.0  pg/l.  Correcting  for  B by 
adding  0.5  pg/l  to  the  apparent  sample  concentration 
gives  an  actual  concentration  of  2.5  pg'l. 

A higher  concentration  of  analvte  impurit>  in  the 
DW  used  to  prepare  the  standards  simpiv  shifts  the 
calibration  curve  upward  by  a greater  amount.  Cali- 
bration curve  III  (B  = 1.5  pg/l,  R = 0)  has  moved  up- 
ward 3.0  divisions  due  to  a blank  impuritv  concentra- 
tion of  1 .5  pg'l.  Sample  S,  although  still  giving  an 
absorbance  of  5.0  divisions,  will  have  an  apparent  con- 
centration (Cj,  from  curve  III)  of  only  1.0 pg/l.  Cor- 
recting for  B b>  adding  1.5  pg/l  to  this  observed  con- 
centration gives  the  actual  concentration  of  2.5  pg/l. 

The  above  three  examples  demonstrated  the  effect 
of  B,  the  concentration  of  analyte  impuritv  in  the 
standards'  DW,  upon  the  calibration  curve  and  samples. 
The  reference  DW  was  assumed  to  be  free  of  analv  te 
impurity  (R  = 0)  which  is  usually  not  the  case.  The 
effect  of  R upon  the  standards  is  shown  in  curve  IV' 
where  B = 0.5  pgl  and  R = 0.3  pg/l.  Comparing 
curve  IV  with  curve  II  (B  = 0.5  pg/l,  R = 0)  shows 
that  if  R = 0.3  pg/l  the  standards’  calibration  curve  is 
shifted  downward  bv  0.6  division.  This  downward 
shift  due  to  R is  distinct  from  the  original  upward  shift 
of  1 .0  division  due  to  B = 0.5  pgd,  so  that  the  net 
effect  is  an  upward  shift  of  the  standards'  calibration 
curve  bv  0.4  division.  In  addition,  unlike  B.  which 
directly  affectsonly  the  standards,  R directly  affects 
the  absorbance  of  the  samples  as  well  as  that  of  the 
standards.  Since  the  sample  also  is  analyzed  vs  R,  the 
observed  absorbance  of  sample  S will  now  be  0.6 
division  low,  or  4.4  (5.0  - 0.6)  divisions.  1 his  sample, 
designated  SI,  contains  (from  curve  IV)  an  apparent 
concentration  C4  of  2.0  pg/l.  Correcting  tor  B by 
adding  0.5  pg'l  gives  the  actual  sample  concentration 
of  2.5  pg/l. 

From  the  above,  it  can  be  seen  that  the  value  of  R 
need  not  be  known  when  analyzing  samples  because  it 
equally  affects  absorbances  of  both  standards  and 
samples  and  is  effectively  cancelled  out.  Although  the 
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reference  DW  blink  is  traditionally  called  "the  blink 
in  in  analysis,  itv  analyte  concentration  K iW\  not 
affect  sample  concentrations  Ihc  actuil  blink  cot 
rection  added  to  sample*  i*  duo  tv'  tbo  iiuU  to  impurity 
in  tho  standards'  DW  (Bl  ind  not  duo  to  tbit  ot  tbo 
reference  DW  (Rl 

Tho  preceding  corrections  iro  straightforwaid  to 
apply  if  B is  known.  A precise  method  ot  dotoi mining 
B is  to  inil\  70  in  iliquot  of  tho  DW  blink  tbit  has 
boon  concentrated  several  times  bs , for  example,  slow 
(nonboiling)  evaporation  in  TotTon  dishes.  If  flame 
A A is  used  and  tho  blink  is  concentrated  10  timos, 
tho  ibsorhanco  signal  will  bo  10  timos  that  of  tbo 
Wank  signal  When  this  ibsorhanco  value  is  consorted 
to  an  anals  to  concentration  using  tho  calibration  curse, 
tho  obsorsod  concentration  will  bo  low  bs  B because 
tho  standards  forming  tbo  calibration  curse  ate  high 
bs  B.  Thus,  tbo  obsorsod  concentration  tor  a 10-fold 
concentrate  is 

obsorsod  concentration  10B  - B 
and 

B - obsorsod  concentration  '*> 
or  mote  gonoralls 

B - observed  concentration’(Cf  -11 

whore  Cf  is  tho  blank  concentration  factor  Inumboi  ot 
times  tho  blank  was  concentrated'.  Note  that  because 
tho  calibration  standards  contain  B.  tho  observed  con- 
centration is  disided  bs  Cf  - 1 and  not  simpls  bs  tho 
concentration  factor.  Tbo  concentrated  blank  is 
treated  as  a sample  and,  as  such,  is  corrected  tor  8. 

Anisther  method  that  has  often  boon  used  to  deter 
mine  B is  extrapolation  of  iho  absorbance  ss  concen- 
tration calibration  curve.  1 ho  value  ot  B is  taken  as 
the  negative  of  tbo  v axis  intercept  (absorbance  ~ 01. 
However,  as  can  bo  soon  from  Tigure  1 , this  technique 
t*  valid  only  when  R = 0,  which  is  seldom  tho  case. 

As  shown  for  curse  IV,  tho  x axis  intercept  actualls 
represents  B - R If  R = B,  then  extrapolation  will 
result  in  a saluo  of  roro  tot  B,  which  again  is  incorrect. 
Tor  analsses  using  (lame  A A,  B cannot  bo  reliable 
determined  bs  extrapolation  of  tho  standards'  calibra- 
tion curve,  but  onl\  bs  anals  sis  of  a concentrated 
blank. 

Thus,  for  flame  A A measurements  the  ovetall  blank 
correction  required  is  simpls  tbo  addition  of  B,  tbo 
concentration  of  analvte  impurity  in  the  distilled  esatei 
used  to  prepare  the  standards,  to  all  samples. 


1 tameless  A A 

Hcass  metal  samples  anals  red  bs  tlameless  A A 
tgiaphite  aionmei!  genet  alls  tequiie  tbiee  dittoient 
blank  corrections  11  a "tuinace  blank,"  ^1  a distilled 
ssatei  blank  tot  the  standard*  (8).  and  M an  at  id  blank 
lbe*e  corrections  should  be  applied  in  the  or  slot  listed 
above 

Ihe  tuinace  blank  i*  the  ahsoibance  signal  obtained 
duiing  atomization  without  a sample  (i.e  an  empts 
tin  navel  Ibis  baseline  slxitt  was  lust  repssited  foi  la 
(Cragm  and  Herron  I'l'  Tl  and  its  magnitude  depends 
upon  the  wavelength  ot  the  element  being  anals  ;ed 
Modification  of  the  spcciiophotomoter  optical  ssstem 
van  sigmtiv antis  i educe  the  signal  (Keibei  et  al  I0?') 
but  does  not  completely  eliminate  it  at  high  scale 
expansions  -\*  a lesult,  the  tuinace  blank  absoibanco. 
when  piesent,  vhiHilci  l*e  subtracted  tiom  all  absorbance 
readings  (blanks,  standards,  and  samples!  betoie  ans 
sample  voitv  entialie'iis  aie  made  In  pi  m nee.  cones  tmg 
fiv  tuinace  blank  ab'esi banco  will  not  attest  calculated 
sample  concenttations  since  bs'th  standaid  anvf  sample 
absvsibances  aie  attested  equalls  Howesei,  this  coi 
tection  is  impoitant  it  the  standards'  DW  blank  i* 
determined  bs  extiapolatmg  tlie  calibration  viiise* 

(sac  k to  the  x axis  intercept. 

When  using  tlamele"  A A.  the  concentiation  B ot 
anals te  in  the  standaid*-  DW  blank  can  be  deteimmed 
bs  one  ot  two  was*  Ihe  simplest  method  i'  bs  duovt 
extrapolation  ot  the  standaids-  calibiation  viiise  It 
this  pivvedine  i*  used,  the  calibiation  cuise  must  tust 
he  collected  tot  the  fumace  blank  bs  subtracting  this 
abscH banco  signal  tiom  the  ah**'tbancc  of  each  ot  the 
standards  (failure  to  do  this  will  lesult  in  an  enoneousls 
high  value  (cv  B'  Ihe  value  of  B is  then  the  negative 
ot  the  x axis  inlet cept  yahsoihance  0)  ot  the  coi 
levied  absc'i bailee  ss  ce'ncentialie'ii  cuise  This  method 
t*  valid  when  using  tlamele*'  AA  because,  unlike  tlame 
AA,  a reference  DW  blank  i*  not  irqtiiied  to  physically 
;eio  the  instrument  Ihe  instrument  can  be  reused  e*n 
an  empty  tuinace  withe'ut  atonu;ath't' 

Atie'thri  methe'd  to  deteimine  the  value  ot  B i*  to 
anals  ;e  ptece'noenttaled  blank  alique'ts.  a*  descnbed 
teM  tlame  A A measurements  Ptec one  entratii'n  can  l*e 
t*ei  ten  mod  eithei  bs  esapoiation  in  lefU'n  di*he*cv 
diieefls  in  the  graphite  tin nae e bs  sequentialls  diving 
multiple  alique'ts  betesir  ate*mi?atioii 

iViee  B ha*  been  fe'uiiet  bs  eithei  the  exti apolatie'ii 
e*i  the  ce'iHoiniatiesn  methe'd.  it'  value  shemld  l*e  added 
te'  all  sample'  (including  a*  id  blanks! 

Ihe  thud  ce'iioetie'ii  usualls  lequued  t*'i  tlamele** 
AA  deteiiiiuiatie'iis  e>f  heass  metal'  i'  that  due  to  the 
acid  blank  A ce*mmon  methe'd  of  presenting  heass 

metal  I'"'  tleVll  *e'hltle'IS  bs  adse'l pile'll  Ollte'  CCWtAIttel 


Figure  2.  Experimentally  determined  concen- 
trations of  Cd  in  acid  blanks  of  various  acid 
concentrations  in  DDW.  The  plotted  Cd  con- 
centrations, determined  on  1 00- pi  aliquots 
by  flame  less  A A,  have  been  corrected  for  the 
standards ' DDW  blank  (3. 7 ng  Cd/I).  The  acid 
concentration  is  the  volume  proportion  of 
concentrated  (70%)  HNO , in  DDW  (e.g.  1% 
represents  1 .7 00  concentrated  HNOi  in  DDW). 
In  this  figure,  A = intercept  = DD  W Cd  con- 
tribution to  acid  blank  = 4.9  ng/l;  B = 3.1 
ng/l  in  1%  (I :I00)  acid;  and  C = slope  = 
(19.6-4.9)10.05  = 296  ng/l  in  concentrated 
acid  or  3. 0 ng/l  in  1%  (1:1 00)  acid.  Cadmium 
concentrations,  found  in  this  commercial 
high  purity  acid  by  either  the  slope  or  the 
blank  subtraction  method  (0.30 and  0.31 
pg  Cd/I  of  concentrated  acid),  are  well  within 
the  specifications  of  the  manufacturer  (<  1 pg 
Cd/I). 


walls  during  storage  is  to  acidify  samples  to  a pH  of  2 
or  less  with  HNO,  or  HCI.  ^n  acid  blank,  such  as 
1 : 1 00  (vol)  concentrated  acid  in  DW  (1  ml  of  acid 
in  99  ml  DW),  is  also  prepared  at  the  same  time  to 
determine  the  acid  analyte  impurity  concentration  for 


which  the  samples  must  be  corrected.  However,  this 
acid  blank  contains  analyte  impurity  not  only  from  the 
acid  (1%  of  the  acid  blank  volume)  but  also  from  the 
DW  (99%  of  the  acid  blank  volume).  (This  DW  is  not 
necessarily  the  same  as  the  DW  used  to  prepare  the 
standards.)  Since  the  aciditied  samples  contain  acid 
and  not  DW,  the  contribution  of  the  DW  to  the  total 
acid  blank  impurity  must  be  determined.  Simply 
analyzing  a separate  unacidified  aliquot  of  DW  is  not 
reliable  because  heavy  metal  loss  by  adsorption  onto 
container  walls  during  storage  may  result  in  erroneously 
low  DW  analyte  concentrations.  A more  precise  method 
of  determining  the  acid  and  the  DW  analyte  contribu- 
tions to  the  acidified  blank  is  to  prepare  and  subse- 
qu-‘ fitly  analyze  a series  ot  acid  blanks  in  DW  ot  differ- 
ent acid  dilutions  (vol), e.g.  1:20(5%),  1:100(1%), 
and  1 : 1000  (0.1%).  A plot  of  the  total  observed 
analyte  concentration  (corrected  for  the  standards' 

DW  blank)  in  each  of  the  acid  blanks  vs  its  acid  dilution 
factor  will  be  a straight  line,  the  y intercept  (x  acid 
concentration  = 0)  of  which  represents  the  analyte 
concentration  in  the  DW  used  in  the  acid  blank.  Such 
a plot  is  shown  in  1 igure  2 for  experimentally  measured 
concentrations  of  Cd  in  acid  blanks  of  various  dilutions 
with  DDW.  The  analyte  concentration  in  1%  (vol) 

(1 : 100)  acid  is  then  the  difference  between  the  total 
observed  concentration  in  the  1%  acid  and  the  y 
intercept.  Tor  the  example  in  Figure  2,  this  concentra- 
tion is  8.0  - 4.9  = 3.1  ng/l. 

Alternatively,  the  acid  analyte  concentration  can  be 
found  directly  from  the  plot  ot  analyte  concentration 
vs  acid  dilution  without  determining  the  acid  DW 
blank.  Since  the  slope  of  the  line,  296  ng/l,  is  equal  to 
the  analyte  concentration  in  pure  undiluted  acid  the 
acid  analyte  contribution  from  the  1 : 100  acid  blank 
will  be  equal  to  slope/100,  or  3.0  ng/l,  which  agrees 
well  with  the  3.1  ng/l  determined  previously  by  the 
intercept-subtraction  method.  The  slope  method 
probably  gives  a somewhat  more  reliable  figure  since 
it  is  averaged  over  a wider  concentration  range.  Regard- 
less of  which  method  is  used,  however,  the  value  for  the 
acid  contribution  should  then  be  subtracted  from  all 
acidified  samples  (after  correction  for  the  standards' 
blank). 


CONCLUSION 

The  absence  of  proper  blank  corrections  in  trace 
analysis  leads  to  errors,  positive  or  negative,  which  re- 
sult in  high  or  low  apparent  sample  concentrations. 
Erroneously  high  sample  concentrations  will  clearly 
result  from  failure  to  correct  for  an  acid  or  reagent 
blank.  Low  sample  concentrations  can  result  not  only 
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from  metal  adsorption  onto  container  walls  but  from 
failure  to  correct  for  the  standards'  distilled  water 
blank.  Hence,  in  an  interlaboratory  comparison  of 
identical  samples,  the  fact  that  one  laboratory  pro- 
duces consistently  lower  values  may  not  necessarily 
reflect  superior  contamination  prevention  procedures. 
The  actual  discrepancy  may  be  due  to  analyte  impurity 
in  the  distilled  water  blank,  producing  high  standards 
and  accordingly  low  observed  sample  concentrations. 
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